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lEmmcM. mm 

This inveintbn r^lat^s to nova! stabilM proteases, nucMd^ s^- 
qMenqss sncodiog th& st^feed proteases, and test of^MS^^ OTntainpg the 
« nuoteotfde s^uences ensocfing ttie novel stabisj^el; pft^easas, 

Proteases, or (interchangeably) peptidases, are enzymes that cl®sv© 
the. amide linkages fn protein substrates. Bactaria of the Badiius species secrete tm'O 
to extraceluiar species of protease, a neutral or metafeprotease, and an alka^ne 
protease which is functlonalty a serine endopsptidase, referred to as subtilisln. 

A serine pfotaase is an enzyme whldi c^tatysss the h^droipis of 
peptl<^© bpn<;ls, and in i^i^ich th#re is an ss^nl^j s^ne fesi^ue at the adive Me 
[i^/j/i^. Handier amU Smith (1973)^Prl^dples of Biooiiemfetry; Fifth Edlidn, McQfaw- 
15 Hili Book Gompm% MY, g71-272|. 

Tiie bacterial serine i>rd^a^es liave motecular weig^ of 
20,0e© 10 45,CKH3. They fQ?dr<slpe simple tsmilnai mx&fp and ars similar In assiSvIt^^^ 
M^karyotlo cliy?ilptfyj3Sln, also a serlr^# pFOfease, A more naffowterm, alkafce pro- 
isase, oovenng a aub-group, ra^sDte the liigh pH optimum some of the serine 
ao proteases, from pH 9,0 to 11,0 |fOf feview, see i^«esf; Bacteriologieal Rey.> 41 711- 
753 (1977)]. 

In relation to the present ir^ventlon a subtllisin is a serine protease 
produced by Grarn-positlve baotsrla or fungi, .Aocording to another delinitson, a 
subtisin Is a serine protease, wherein the relative order of the amino add residues 
M In t^e cg^alytlo triad is Asp - HIa - Ser iposltlom 32, 64. and 2^ A wide variety of 
mibiilslnsl^s bssri idsnitisdr and the amino acid sequencss of a number of sub- 
tlll^ns have bfe«n detemilned. Thsss Inolode ambng otH^ri six stibtili^lns from 
BacMi/s strains, namaly, subtlllsin 16S, sub^lisin BPW, subtillsin Oarlsberg, sybtite 
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0X subtlSssn amylosaxNgstlcus^ IKtrnMrn et al, {1972}; 

m^ti mdF^md iim4); J.Bmem^; imBi1'mm^^^^ (188S); Hud. Adds 
Bm.; mmtm^mfm^vM^^^^^^^^ Hoppe-Seylsr; » 421-430; 

s^&ndsBn 0t0L (1«)rFEBS IHTTEHS; 1^ 228-^2] one sybfisfn from an actirio- 

FE8S LETTERS; 19B3 19S^20()J. arsd oriefunial sqblisin^ 
shium album y any ami May^f f1985); 8161 CHsrfi, Htofips^Sayler; 366 S84-4§2|, 
Proteases such as sybtRisins have found much titilily in jndustrys. |sar- 
10 tscularly in detsfigent formuiafcns. as Ihsy ara useful tor removing pmtsinacsbps 

Th^. Mftjc^r^ bf Prot^rii 

PrptssBS^s am globular proteirts md qui© compact due to tteOTSider-- 
able #noum of Jokllng of the long pc^eptsde c^^^ the polypeptide ch^n ®ssen- 

i§ tially coi^slsls of th^ ''bacMSQh^^ Its '^slde^groups**. As th^ peptide bond Is planar, 
m\y roia^ops around tfife Q^U axis and the 0^-0' axis ara permitted Bomion 
around; t|i0 G^~N boad of tlis pap8da bacHto^ is desnoted by tia ^fslon angle ^ 
ipMl, roMon arourKl tba Ci^^^C bornd by t {pal) Md& &^. Gmghton, %E (19S4); 
Proteins; VV.H, Freeman and Cdmi:^ny, N8w York|v11ie dhplc^of tba vafues d^ 

SB angles of rotation Is made by assigning the maKimum value of +180'^ (whssh Is 
Identical to -180'') to the maximally e5<Jended chain. In ths fully extended polypeptide 
chain. tha N, C« and C atoms are ail 'trans" to each other. In tha "ds" configuration, 
the angles^ and f ara assigned the vaiua of Cf. Rotation from !liis position around 
Ihe bopda ao that ths? atoms vlawad behind tfm rotated bond move "cquntar- 

^ ciocl^e'' ia assigned r^agaiSvia valuss by daSnltlon, iiose :^clockwlse" ar© assigned 
poslftya values, lHus, t^e valom of tha tPi^lon arigles within the range -180'' to 

Slh» tip Q^-Motm ara tte swival point for tJia ohain, iia slds?-groyps 
(B-groups) assoclMad wi^ tba C-Moms Nfcome ajtfBmely innportant \«th raspest 
so to tha conlorimtlon of tie mc^acate. 
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Th^ tferm "cwfc^mafcn" defines the partsoipatlon of the secondary and 
tertiary siructures of the polypeptide chains in moulding the Dverall structyr© of a 
pmtein. The ctwect confoFmatton of a protein is of prime ir^porlar^cs to the specific 
structure of a protein and contfllsutss gmatly to the uriiqu® eatal^i^ie properties (m. 
1 asSvit^ and speelfici^J of grx^mes and t)©tr statjillty, 

Tiie amJrso adds: of polypeptides can be divided Into four genfrai 
groups: nonpolar/urKsliafged fxalar; ard negathmly or pc^iSve^c^rg^d polar ami^^^ 
adds, A ^^oteSn moiecyte, )NhBn subrnergsd in ib aqueous erwif onmsrt In wliidi t 
normally pcoufs, tends to esjposs a majsmum liurnbsr ofM pol^ sidf-grdups tothe 

IS surroyndirtg eoyronrnsnt, whp a sm^oflly of 1^ nonpoiar side gfoyps 18 oriented 
intemaiiy. Orientation of th^ side-groups sri thi| rin^nar leads ts a stabfegHon of pro- 
tein Qonformatfon. 

Proteins, thus, exist In a dynamic equiiibriufr^ between a folded and; 
ordered state, and ar^ ur"sfQid®d and dssorciered stats. This equibrium in past reflects 

ts the ehort range interactions among tiie difer^ent segrtienls of tli© polypeptide ohaln, 
whicli »ds to stabile the oyefal! structure of proteins, llierrnodynamic Idrees 
simultansGuely tsnd to promote randomfea^on of t^e unfolding moiecule, 

A way to engineer e^abilfeed proteins Is to ri&duoe tse extent of unfold- 
ing by decreasing the Mbll% of the polj^aptide baekbonei and simultaneously 

m decreasing tie er#opy of the unfelded diain, $o far only few atteirspts: have feseeh 
rn^# to ImpSement ttiia rai^dnaie in deyeioprnent of novel stabilized protea^ea 
A general principie of incsrsaeing prptaln thefmpataf3ity has been 
provldad ISmukl,, K {1989); Prm. •Japan Acad.; ^ Sef, B], 1ri this article Sdxiiki 
states that the therrtiostabilrty of a globular protein can be enhanced oumulatlveiy to 

ss a great extent by Increasing the frequency of proline oecurmncs at tlie eecond sita 
of ,0-turn$ without slgnifscant alterations in the sacDndary and tertiary etructures as 
well as in the catalytic f uneven of enzymes. The prlndple Is based on various facts 
and findings, among th^e the fact that proline r^idues show a strong ter^dendy to 
oosur pfeferentially atthe eea5nd:^e of jg4urns MpWB); Piocheml^ryrl? 

3e 42?7-428§- and C^oo, P,Y/$ fMmm, S,D C1$T?); U. Mol. Biol.; Its 13S-17S]- The 
prlndple Is reeferidted to Insertion of proline Into the eei:»nd site of iS-tums In proleins, 
no other sitas are mentioned. 
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intwnatlona! PubSc^ion wo 8 
provide a irs^thoci fer iRCf easing the sMsHity of a pr»in by dscsmaslrtg tl^e coo- 
figumtbrtal ©ntropy of: Uinlblding the protela Tha mafisjd Is applted on a S^ep" 
mmycm mi^qinmrn )0mB'mmm0%:m^ ft inypl^^ sufestltufcn of m amino add 
s witi prxsline, or rep^aoarr^nt df glyc^rie with Canine, at pr^ieted aubatltytion stas. 

In international Psitent PubMc^n WO 8&^88t9 (0©n@56 Oorporatisn, 
USA) a method for combining mutMone fer elBblii^sion of subtillsins i$ pro^dad. 
This publication issts a number of amir^o aofd mitalloris fmp bfan foursd to ba 
thermally stabilizing mutations, Itsa Jist comprises subsM'on ©f ®0na wit? propria 
5a at ppsion 188 of subtiiisfns (BPN' numbering). 

International Patent Publication WO 87/05050 (Genex Corporation, USA) 
dsscribes a itiethod tor mutagen^ and acresfilng. By tiiis method one or niors 
miMipm^rs Intfodaoad by traatment with mutagam?Jng agents, and tlia metriad 
inciud^ subaes^ent scraeiilftQ lor prpduc^ vvih ^erad pmperti^< As a result ol 
IS th^ random rnutagenesis- a autotillsfrt vifitt a proilria residue at ppsitlQn 10S (BFN' 
nun^ring) Is pmvid!^ 

It is an dbjaei: of fila in^^otipb to pfc«?ida nc^el proteasaa im^ng 
improved atabiis^. 

BUmm^ Of THE 1NVE|N[T1DN 

■aj The present Invention provides novel stabifead proteases. In wliich a 

rmtufally oceyrring amino add residue (other than proline) has bean substituted with 
a prdlisa raaiduf at one or mora, positions, at vvtiicl-^ position(s) the dihedral angles 
and (psi) corisMute valuasii^ln tia in^ \^mr<ip<'4tf and -'I80°<f » 
<iaoi, profembliif within thaintsnfais C^£P<^<-40^ and iS£r<t<1®^l dr f-80'"<#» 

ss <"40* apd -5CP<:i|f <10^j>: and which poaltlon|s) is/ara not losated ln regions, in i^ldi 
tiie prbteasa Is sliaraot^ed by posaa^lng ©-heilcaii or^-aheet strot^ura. 

In anpttsr ^pacl, the iiiveMpr?! ralaitas to nuciaottdss seqiienoaa 
^ncssdlng the profe^^. In fen^ar aapicsa, the Invantion relates to an expr^^fon 
vector comprising a nuoieotida soquenog ena3dlng a protease, and to a hd^ Organ- 

30 iam oontainlng thfe eMpression vaelor. 
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Subfiiisiris 

In the context of tills Invention a subtilsin m defined as a serlfie 
protease produced by gram-poslUve bacteria or fungi According to another 
definilson, a subtisin Is a serins protease, wherein the rolatsv® order of the ar«lno 
6 aoid residues Inllii tJ^alytlo tfiadis Asp - Hfe - St r Ipostiom 32, 84^ and 221, BPH' 
mmberhg), 

Amine j^e^s 



As ^brwiatjpns: for amino add? iJie l©i!owing symbdis am yg^: 
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SIS 


Ala 




Alanine 




V 












D 




Asp 




Aepartic acid 




E: 








Qiutamlp acid 




F 








f*hi&nyl^njFie 




CS 








Glycine 


IS 


H 








Nlstidine 




! 




lie 




Isdiaudne 




K 








Lyilne 




L 




Leu 




leucine 




M 








Methionine 


w ■■■ 


n 






Jw 


Aspamglnt 




p 




Pro 




Proline 




0 




Bn 




Qlutaminf 








Ar0 




Arginlne 




s 




Set 




Serine 


ss 


T 




jit 


SS 


Threonine 




V 








Valine 




w 




Trp 




Tryptophan 




r 




IVr 




Tyrosine 




B 








Asp (D) or Aen (N 


as 


z 


■ S3S 


six 




Qlu (E) or Gin {Q} 




X 




an arbtra^y 


amino < 


scid 




* 




debtion or a 


tteant i 


aritino add 



A stablfed protease of this Invention is a proteas® variant or mutated 
m protease. By a protease variant or mutated protease Is meant a protease obtainable 
by altf ratlDn of a DHA nucleotide sequsnoe of the |j^®nt gene or Its derivatives. The 
proteatf variant or mutated protease may be expf@§sed and prodycad when tb& 



0^IA nodeoM0 f^uer3C^ encoding ^^^^^ teo a suitable vector 

In a suftafaie host organim Tlisl^pst organism Is not nscsgsarlly idaifeai to tie 
organism v^^isfi tf» parent gene prlglnat#d, 

Amina Acid Nunifeeilna 
5 In the conteiKt of this Invsnte a spedlio riMftib^nng of amino assid 

residue positions in subtiiisins Is employed. By allgnmert df the amino acid 
S0qysnc8s of various subtisins c^iong with sub^lssin BPH\ t Is po^sfoia io^lic^ a 
number to the amino add residue position In any subtisln to the number of Ite 
analogous amino aocf position In subtlilsin 8PN' CBPM' numb©nng'V^<^« s.s. Intm- 
t<3 natiorsal P^t Publications te. WQ 80/00278 and WO 91/00345). 

In descitJipS tie vaHoiJS protease variant pr or contempiated 

according to the IfwanSdn, the following nomanclatures were adapted tor 0» of 
reference: 

pdgihal amino acid; F^tlorir Su&stltaiad anmno acldj 

Acccrdlnglv, the suba^utfon of alsn^e wlih prdllr^ In pbSiSon 100 Is 

designated as; 

A18SP 

Oelstion of an aspar^c add at position 36 is Indicated m: D36* and 
^ insertion In suoh a ^sitlon Is Indi^^tad as: 3SD for insertion qfan aspartic aoid 

go |n ppallon 36. 

Iilyjipl^ mufaioris W^^^d % pfe^os. is,: 

representing mu^tiofis In po^flpr^ 194 and 195 sUbs^uUrtg alisnln® wfih proline and 
glyelne glutmisia add, r^^i^Mmlf. 
^ If a ^bstjUjon is made lay In e;g. atibtiain 309, the pmduct 

Is de§i§nated e.g, '^Mfeillsln SdSMl9SE". 

M} positions men^oned fn this pqntexl refer to the BPN' numbers 

described above. 
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FroteplytlG: Activity 

In th© context of this invention protsolytic activity Is expressed sn Klo 
NOVO Proloase Units (KMPU), T>^ activity Is det^mted relatively to an enxyms 
star^ard (SAVINASE^), and tie determination I® km&4 on tli# digestion of a df" 
s rtMhyl ossein {Ols/IG) soluion by thi& prajfestyiic ertz^fmsi at standafd pOfKlltipfiSf 1,^, 
&fC, pH 8;3, B mm. tm<^on tlmfe. S mift, m^^Mnf^g iSm0, A ioMm AF 220/1 is 
avalliable upoii r^^isia^t to Novo MdttJssk A/S, Osnmark, wfiieti folder h@j©fo^ 
IfielMCiecl; by mfafsrse. 

Wash Pgrf qrmance 

16 The ability of an enzyme to catalyse the dagrsdaSon of various naturally 

occurring substratos present on tho objects to be cleaned during e.g. wash Is often 
referred to as Its washlr>g ablltv', washablitv', detorgenoy, or wash perforrnanoa, 
Throughout this application the tsrm wash performancs wli t>0 ysed to oneorrspass 
tNs proparty, 

IS Ef|ip=^ PESQRFTION Of IPAVW^ 

tlie present JrsventKsni is f«rtt©r ii^s#atS!dl by refer^fiisa tp the acdom- 
pacing drawings, in v0loh: 

R^. 1 (sh§®^ - ISi^D) sfiows tl0«^ of a synthetic gana; 

and 

so Fig, 2 (sheets 1 6/20 - 20/20) shows the rosidyal aotlvlty of subfflisin 309 

variants compared to wild ^p© aniyni© after storage in a liquid detsrsant 

OEf/yi£0 DISGLOSOBE OF TH£ INVEffOO^I 

T^sa present invari^dn provides ndyal s^bfed prote^fes, In v^hlsh a 
n^raiiy iDecumhg amlho acid rasidu^ (other than pfollria| has ij^ari stibstitiiitaci ya'lth 
®5 a prdfe rasidua at one or si?ora positions^ at which poslion|s) the dihedral angtes 
# (pfijji f CpsI) esnsiyta valyas In tiie tervife |»so*<^<-40* md -iW" 
<ir< l£te*],pr#BraNythelntanf®is |-9d^ 
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arid -S0*<*< 101, ancl wlilfch pos|ian(s) Is/am not locked In mgbns, Ifs which to 
protease Is characTsrlzsd by possessing a-fistel or |i-ste^ structure. 

In t3© eorttsKt of litis Jhwnidfi, a protsasf Is a pratsase 

wiant or mutat^ protege, being lunc^^n* «q*#nt 
s tur^ simllaf fes ^ r^sfe^ally oecurrlfig proteaso, amd in iMofi protaas© a natwaSy 
ocourring amino acid residue (other tim pfdiisia) Hasis^afi sofessituted with a prpli^e 
resldu© at one or more posrtlons. at wNcsti p08ltlon|s) tie dihadr^i angles # (pHI) 
f (psi) conslluta values within the Intervals |-iO''<#<~4iT and -180*<t<18D''|, pra- 
fsrably the intsr><ais |;-90=-^<#<-40" and 12CF<t<180''| or [^-90"<#<~4(T and ^SO"-- 
n <$<iQ% and which pasitfon{s) is/are not iocateci in regions, In vs/hlch the protease 
h otoa<:Sferizecl by possessing a-heiloal or ^'Sheet stfucture. 

Mpfsovef, In the ssontsxt of ^Is invertHon, a stabixad protaasa is a 
proteiase having impro¥ad $laibi%, e.g-, in fiaspeci ^ thermai stoity, storage 
staiblll^i etc., wtian comp^rsd 1p ti© pars ht snxyrms, 

is Oefinlnp S^ OTidari Strudtyre # 

tiit8 is^tod protea^ss of the invertJ^on r|iay i:^ otitaifjeid by syb~ 
lading the protease in qussfen to anaiyMs M sscdrKtary Identifying 
rescues In tha pmtaase ha\«ng diiadr^: sngtes ^ (phll and f (psQ oon^ned to lha 
Intervals [-90"<#<-4(f and -180'^<t<1S01, preferably the irtteivafe |~9Cf <#<-4r 

so and 120"<f <180"| or [<-90"<^<-4(f and '50^^<f <1(TJ, excluding residues located 
In regions In which the protease Is charactefized by possessing a-hellcal or jg~sh©et 
stryeiyre, If a prollna residue is not already at the identified positlon(s); substitution 
of tie hatyraHy ominirig amino acid residua wli a proline residue at lli© Identified 
pos!lfon{s):, pre^f^ly by sjte dired^d rpytagenBsss applied on a gene encoding the 

8s pmtaasa in qtsasllon, and g^he expr^fen ir^serSon of the.^rte 8fK3odlng tlie 
sti^ized protaase in a sisiafeie host organler??y folldwed by cuftivaHon of said host 
orgar^sm In a ^itabia nutrierit madlJrft, ami reeov^ of the d^rsd protease. 

This pr^^aiion Includes subpcsSrsg tie protaasa in qyestion to 
analysis Ibr sscofKlary sifucUjre. To perfbrni sucli analysis the iltjmio s&tjctare of 

30 the proteas® has to be elucidated, tte atomio ^'udftire can be dsferffslnad by X-ray 
diirraction tschnlqoas« X-ray diifBcllon taoiintqyes are described by a,g. Hmdmk- 



§ar?, WA |X-ray dfection; in Protein Engineering (£d: Oxender, 0,Land Fox, C.F,}^ 
cli, 1; Afen B, Uss, inc. (1987)] and Cmighton, ZE., supra, ch. 6, 

The crystai structiire of Subtilisin 309iias been deduced {md& B&iz^i, 
B., Kiupsch, -S., F^mdorf, M$$tmp, S,, BmmBr, S.f md WUmn, KS. (IS82); J. 
s Mslv Biol ^ 427^44$% md ^ mQ0mtm tiay^ bmn deposit®?:! and aft wajipbSe 
frorfi ths Brookhavfen Prptsln C^ta Bank lB0m$t®in W M (IS??); J< IjIoI Biol 112 

Wiisn Itife atomb strtiCtyr^ has tss«n deterrtisn^, It Is possible to 
mmpiM dlhedfal sngNs from the atonilc asordlnat^, temov©"^ it is possible to 
TO assign secondary structure ^!ements> The secondary structure eiements are defined 
on the basis of hydrogen bindsngs. Cooperm'e secondary structure is recognized 
as repeats of the slamentary hydrogervbonding patterns 'turn" and "bridge". Repeat- 
ing turns arf "liafsices* r^psating bridges arp ladders", connected ladders are 

i§ Ar^aiysSs %t Sfopndary sfe-uciure el^rrients r©c|yires a cpmputafized 

compl!a|jbn of strucfejre aaslgrir^ 

<iodrdfrsites, Th© coriv^nfei! method to ^luiE^date aeodridary etruciore^^o^^ 
teiri, bas€Ki on M 0m^ <^ W. and Sarsfd^er, C 

piopdiymers: (108S) ^ 8S7T'§6S7J, In t0 an algonthm for extracting sfrm- 

m tufal feaUifes irorn the atPnile obcrdlnates lay a pattam«f0cpgrjltlon prpc^s Is 
pfovidsd. First, H-i3onds are idsrtt^ad based on elec^oskfc Irt^raotiorm 
pairs of H-bondlng groups,. Next the patterns of H~bonding ^re used to deine 
secondary structure eiemenfe such as turns (I), bends (S), Ofldges |B), helloes 
CQ,H,I), ^-ladders (E) and .e-sheets (E), 

as A computer program DSSP (Define Secondary' Stryoture of Proteins), 

anabiing iis computatior^ of Kabsch Ss, Sander files and written In standard PASCAL, 
Is available frorri tim Prdt^in Data Bank, Ohemlstry Dept. Brookhaveo Nationai 
labPratos^, Upton, N,Y, 119TS. 

Atei' tlie di^^dfal apgfes # and f lpsl) for t^ ^lno adds have 

@p been caloulatedy fcja^d on the atarrtlo struoiura in tie ofvetaine prdteasas, t Is 
isoeslbleto selecl posifenfsl Miloh has^have dS^adral piil and psiWJ^es: favourable 
for substHatlpo ts^ti a proline residue. Tha aliphatic side dmin of prqllna msldygs Is 



bonded c©¥abf?lly t0 llie nlfe-ogen of fee pf ptlde grqup, resulting cyclic 
flve^TismNt^: «ng consequ^ntty Imposes a rigid constr^nt ori ttit r» tboiit 
N-G, bond of th® p^^de tsackborie and sirnuitaiigousij^ prevent tf^ ^pffr|atlo?i 
of Itydrogan bonding 1^ th€! backbone j^^^^ 

§ ara gsfisiraii^ not compatibte with a-hsiloal and jg^h^st condary cxsnlomia#iis. 
Due to tie same rotational conslrauit about tsa Cs-N bmd, and due to iJia mqwr^- 
mentthst nerghbounng amino ac^s In tie qhaln ara not perturbsd,, the magnitudes 
of the dihedral angles phi and psi (and In particular phi) are eonfined to ilmtad 
lnter\''ais for proline residues In poiypeptides. The dihedral angles for proline readuas 

10 In polypepfe'des are almost axclosiveiy within the ln!e?-vsls [4XT<#<-4Cf and 
4$0'*<tir <1 80^, preferably the inteivaie [-^'*<0<-4r and 12Cf < t< 1 SO'I or f-SO*<#- 
<~4&' md -S0?'<t<10*l. In this oor«Bsd, tMh (i^s- and trajls-proline r^lduse am 
oonsjdersd 

A praline rfesldue may alreadi^ peoyr M 000 or rnpm poslBdrB ppJfted 
IS oiit by the procsdwa dgspHbfed above, irid a $«biitutlon Is, of cdtirs^^ Jr~ 
raiamnt DltJewlsa^N wetHod^b^^ 
acid f&sldyg wfth a prdiina residue, 

Howavar, a suJi^titi^pn Into proline a^ wery of fis predipt^ posltiPns 
may not always bring about improved themios^bllstj? of ^e prbtBS^v At som 
20 positions revealed by this method, a eubsliution of a naturally occurring amino aofd 
residue into a proline residue may even cause destabieation due to unpradictable 
factors, such as loss of essential flaxlbiiity, loss of l-l~bor^d poesibities, unpredlatabi® 
starfeai hindrance, etc. Such "critlcai sites" are not to be foreseen^ 

It is to b® eis^actsd tl>at tha s^iasng (or dastaijizing) affects of 
m individual stibs^lons sre addi^^^ e^g. We//s, JA pochemisty (1^) W W) 
6S10-a5iT| andT^le 4, below. 

tf a subiilstn dlitefent feni ©uM^in 309 is subjecSed to tiis method 
(al^ough il8 tii^'o subfeins may s^m very much sinhllaf), not moassafl^ ihe sama 
mimber of positions, nor par^cularly the sdentol posllfonSi, may res^ult from the 
3© fTiathod. it Is likely that soma of the positions rriEybeMenioal, and It is fely tiatthe 
numbers of positions are of squai magnltuda, but It is not to be foreeeen. 
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However, st seems likely that the stabizing proline substltullons 
resulthg from th© above de$oi1b©d method, applied to any speeifio protaas®, may 
a^so hava a slabi»g effe(a on any ote protease, iftdependsM of result of tit 
ab6v# descdbed m0t\od applied to smb a pmlmm. 
s W\m p0mn$m 1^ mtho6 on a subtislri 3^ n»lesuie pide 

Ihternatioh^l pateiit Apf^scaHon Nq, FCTi^pK88iiW0C32), a mi of daiE as li^d in 
Tabteis 1 arid 2 can s5teln#d. Table 1 dapicis a sat of pastes that - ysfitii 
r«sp®ei to phi and pai ^n^i^s - meet one crMoiij and Teble 2 c^eplc^ en e^fdiona! 
set of pe^itlonis that ma#t arsoMr :^it«non< 

Pi0m W^ssn^ Pr^^m^ m Ss^s^lisln WB teed ori and An^^. 



SsMM -S0''<pN<-40=' and 120*<pai<iaCf, or 
W<phl<-40*' and -§(f<ps?<1Cf> 
Nelthier part o! an alpha h^lix nor a bei^ sliaat structure. 
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Pm already In Sybt.309 
Pro dneady In SutetS^ 



Pro alraady in 
Pro alr&ady Iri Sui3t309 



By raMxiRg the osmiralrtt on angls relative to thfe orMria sfet lip 
In Til3te 1, four addlSonal mut^ife are propQ^d,>## Tafote 2. 



Table Z 

B^acid,2teOiI phl<-40 and -1 80"< pss < 1 80. 

Naltser part of an aipHa helk nor a beta shast 

S ife^^ 

BPW iMtifto Sfeyfc? iylu^sit & Cwiiw^ 

^ am add m 



76 -aa %Q2 U S 

to las -ao 67 s 

160 -83 27 Q S 

26S -89 111 T 8 



grgl ^rr^^St^feedi. Proteases 

IS Preferably, a protease of the invention M a stafefeed sybtifsin protease. 

!n a more specific aspect, a preferrad protease of the Inventson is a subljisln,, in 
whkii the stabilized subtilisin obtained is any subttiisin vs.'hich comprises a substitu- 
tion Mo a proline residue at one or more of the poallions listed in Tables 1 and 2 
(BPW numbers), or positions anaiogous h#retp. 

so ki a more spesiiflc aspect, a prolaas^ of tis Invsn^ofii Is a subtlliSin In 

which a natural^ occurring amino add (otser than pi"Olirta) been substituted with 
a prolifis fBstdue at on® or mors of tho |XSSitjCfRs: 3^^ 57* 98/1^2, 188, 194, 242, and 
PPH* numbers), In iuf#jer preferred embddim^ts, tie sufeSiislh In aiddltjon 
compinses one or mors of ^e^lbwtng sut^tltutlpns; 27!R^ W$Dy 760* B7N, 

m 1(MY, 1g8«S* tSSE, 208C, 2t8S, 237^ S0tE, and a03F (BPN' 

nunlbefs). 

In a y©t rt^ore speclfio aspect, the protease of tii© invention m a stabil- 
ized subtllisin 309, a stabiiszed suMilisIn 147, a stabilteed subtiilsin 8PM*, or a stabil- 
ized subtisin Carisberg, Subilissn 309 and Subtilisin 1 47 variants of BacUius 
m ImtuB and described In US Patent No. 3,723,250 and International Pa^it Application 
PCT/DK Subiillsin BPM' is dsscrlbad by W^Hs at a/, [fedslc Aolds fies. 

(1S83i 11 78ii-7saS|rSufaill§fnCarisb#fi ladled ^mm/M4 
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V. The 0Qmp}et8 s0qu^fi£i^ wih siifetisln 8PN'; EvoMfonary mixtion- 

ships,' J. Biol phem.;2*l3 C^0B4«^1S1)/ahd;v^^ C'^SSS) 
IS 8813*89261. 

5 In Bfiotlisr sp»iic ^ec?t, a pmtease of ifm IntvenSon Is f st^bfed 

siibiisin SOS Ir whld^ om or mom of ths ftsflowing subs^tufem Hav® b^sen iotro- 
dumd: T3SP, S57P< AS8F, StSSI*, A194P, S24^, and S259P (BPn' mm- 

'mm}- &i further preferred embodiments, this subtilssn in addMori comprises ont m 
more of ths folfow'ng substltutbr-is; K27R, *360, N76D, GS>TN, ASSB, V104Y. H120D.. 

to siaaa, gisse, QaoeG, tmrn, msu i^ssa k237R, K251e and YasaF (bpm' 

In yst another pf0fe|red embodiment, the protease of the fr^wntlori is 
a subtinsln 3QSf In wfiich om m rnore of thf Ibllbwffig sufcstltatlons tiavs bten intro- 
duced: T38P, $S?F, mBP, Ai7W, mmP, S^&,m'sS B2mP iBm numbers). In g 
IS ftj?iii®r prefefied gsmfeofi^^^nt* ^f^^ufci'tisin sps In sckij^ cdmpn'ses on^ormore 
of foliowing summations: K2?H, *aaD, mm, B$7H, ASSB, VtW 
Sl^a 0im CMC. N218S, K23a, mm, mm, n^SIf , and Y263F (BPN' 
numbers), 

Nost preferred proteases of the irweniidn are: Subtiein &BBQ'7B-i- 

m *360+-Q97N'^A98B^A194P4K235F^4-K237R^I<25lE4Y283F3ubti^ 
*3804-G97M4-A194F4K235R4'K237R4-i<251E4'Y263F,Subtillsln30W^<^^ 
G97N4-A194P4'K235R-f K23?R4 Y2e3F. Subtifein 3OS/*36O4-N7eD4'H1S0O4-A1- 
mP-^aiSSE+I^SSL, Subtilisin 30W*36D-fa97N"S-V104y-4-H120D-f A194P4-ai05E, 
Subillslh a0i/*a6D4a87N-i-V104y4-:H120O4A1 S4P+G1 95E-f ^<235L, Sybtfiissn 

m S0/*^P+aS7N-^H1OT Sybtifein 3O0/*aSI34-aS7M^H12aD- 

SublfiNo a09/*aaD+V1 d4y+:H12^^ S4r*-l-<3l0SE+Kg3§L, SaiStlilSjh 309/*36l5- 
Stibf fein BmiMMP pPM' oumbers). 
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llie gfect of Proline Stabflizafen 

The purified variants obtained aocording to this Invention have been 
tee!ed to wash at feast eqyaOy wel compamd to Hi© wpd-^ps subtisio (subtissn 
30Si viiS0 BmnpW Q for mp&rmmM data. 

s the stomg© sMHiity genera!^ mfl^d^ the fi@rmostal3i%i, Improved 

thermostability j^rtesponds with imprdv^ storage staisily. llie ImprOTerriiant Ir^ 
thermostafcity df jpurlfj&d vsrlani^ lias beer) te^ed fey a dP^renl^i searihing p^ofi- 
fne^ 0$Q metliod, vide Bcanipi® 3 for ^xpsrimen^af data. The msult of ttee tests 
is S^icswn sn Table 3, t^lbw.Tlie storage stablls^ has been t^ted by a yinf Storage 

to Te^, wde Exartible 4 for data, and thes ffsul^ of the atbra^e atabi%* 

teet are shown In fig. Z 



Tables 



ta Variant Rslativs stafofeatioR 

fC5 



$24P 


'2.0 ''C 


TS8P 


-0.1 *G 


S57P 




A98P 




sa8F 






0 j "G 


Q182P 




S188P 


1.§**G 


A1S4P 






1.4*0 


sasgp 


-^2,1 ''C 


S2SSP 


0.6 «G 



It appaars from Table 3 that 3 bf tie variants Ponstrueiecl possess 
elghicantly Irtiprsvsd itefmos^abi^^ t of tl^ variant posse$e only sligliSy im^ 
proved th^rmpetabfllly, 4 of the variant possess ho slgnidart <ttar5^ thermosta- 
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fof!rt|f, md 3 of ti0 variants posses slgnlsanHy decrBasad iiernic^tabilily, when 
pqmpafB^I to th^ wiicf-t^ii^ eni^ym®. 

These results demoristfMe that altiiough a cfear ratJosiale exfets for 
^abpfe^jSon fey ioft'oduellon of proHn® reddue^ Into a protein fey ti© f Hi'-Psl-Ocmcept 
s ctsscrlfosd 'm this spedJfeitlon, m tsonclMsion as to the slabliOTp efeat sf the 
Irtdividual variants Is pradliei^ble. 

However, whan & variantt with Improvad therjllps^bfllly Jias bmn 
obtained, the stabilfeiiig ef act of lndl\Hdijal msiHtlorss In QBoer^ cpnsldwed ad- 
ditive,. This Is demonstrated in Table 4 below, where the tharmal dansturstlsn 
m temperatures, as measured by differential scanning cabrlmatry (DSQ, of Subilisin 
3C^ variants relative to the wild-type emyme are prssented. 

Tlius, stabfed ^tMm^ variants which, f urtrier to the stabi^ng proline 
resjdi^(s) insart^d, Gonmfn one or niora addta 
In thfe Si3€pioa^on. are comldar«d w^in th® acppa of tt^ Invantion, 
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Table 4 

Adc:^\^ St^lffaitiQ Effect in Subtisin 2m Sf&nasts 

Figures in parenthesis Jnclteate the sum erf A DSG t^jnpemtyres far vana^its tastec 
Indivlduaiv. 



Variante 



^ DSC 



ie H120D 



is 



mmE HI 200 l<^3SL 

ai05E HI^D 1^351 *3SD 

aiSSe H1;20D K2S5L *S80 

so Q195E H120D K235L *S8D 

G!85£ H120D Kam *38D 



*S6D 



*36D 



8i s§E mmu 

eiSBE H120D 

Gf05g HiaoD mmi *36D 

£S aiM HI^O K23SL *36b 



H76D 



J76D 



A104P 



¥104Y 



A194P aSTN V104Y 
A184i* V104Y 



0.1 
0,2 
0.0 
4.0 
4.3 
2,6 
-0.3 
2.3 
OJ 
4,0 
7.0 
7.0 
10-4 
7.4 
8,2 



(0,3) 
14,3) 
|8.9) 
#.6) 

#4 

(8-2) 
(6,8) 
I) 



Method Ffir Prpdijasinf Motattom \i 

Many m^ocfe far introidliJcing mutations Into ^mm are teioM* In 
the art. After a br^ eJiseussion of crfbning subtllisin ge^es, ft^thod^ for gi^©fattf?g 
m mi^tbns at speckle sites witilh the siib^llsih gene mil i:^ discussed 



Cloning A 



iisjn Gene 



Tlie gene isncbclirsg subtliisln rn% be tion^ frdm any Gram-positive 
bacteria or fungus by various methods, well known In the art. First a genomic, and/or 
cPNA library of DNA must be constructed using chromosomal DMA or messenger 
3s RNAfrom the organism that produces tlie subtisin to bestycifed. Then, if tie amino- 
acid sequence of th© subtiiisin is known, hcsraoiogous, oiigonuoleotide probes may 
be syntiiesiKed, iabsiled, and used to identify sybtisin-encodino olones #dm a 
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gsnomfc library of tjaeterjal DMA, or frtm a lungni oDNA Mbrary, Atsmaivei^', a 
labMgsd oilgonucieetids prab© conlalnir^ ssquenoes liomologous to subtisio from 
andtliw strain of bsd;sfB or $jngMi? could bt lissd as a pmfcs^ to j£fen% subtissn- 
ancod&ig oksi^s, usirtg hybHclfeallai washing cond&ns of lower ^^fjgency. 
s Yet afiQthef ms^od lor id^^8fyir3S sobWsp-jSfOdW^ ^ufd 

Involve Insferlpg tagrn^ris g«ri«3fric Of^ &itd an ^prasslon v^or, sudi as ? 
plasmkt transforming protsase^nagative baet^rla the rssuling genomic DNA 
library, and than plating the trar^formed baoieda onife agar oortafning ^ substrMa 
Ibr aubtsllsin, such as sldm-mllk. Tnose bac^ada containing subtilisin-baaring piasmid 
18 will produce colonias surrounded by a baio of daar agar, due to digestion of the 
skliivmik by ex^^eted sublllialn. 

Qangmtton W Sm O lrfec^ed Muta^o ns In The Subtisin Ger^a 

Onc^ tie subtif^Sn gana Has bean oion^, and efaalf^a ste for 
mutaisnasl^ idsfstiad, Hia mutaSons can ba Introdus^d tslng syrsiiaiic ollgo- 

is nud'^ides-. Ih^p oSgonucladlldes cortl^n nttdao^e aaquances Mnking tia 
cisslrsd msuts^ort attea, fnyiaf!!: nueMd^s are Inserted during oligariudaiotlda 
syfilhe^s> In a pmfarr^d rrsa^od, a s|igl0 strsindad gap of Dl^. b?f<lglng tie 
aubtlfeln gf^ne, Is created in a ^ecksr ba^Hiig th© aubp^^ gerta, Tlien fie synthase 
nudaotida, bearing tha daalrad muiatiorj^^ adnaalad to ahofiiologous portion of tlia 

■'SO singia-atraided DNA, The remaining gap fa then filled in by DNA polymaras© I 
(Klanov/ fragment) and the constnja la JIgatad using 14 ligasa, A spaciHo axampia 
of this method is desonbsd {Morirtaga et at (1984); BiotechnQlagy, 2 646-6391, 
Aocofding to Mcmmg& ^IbL, a fragment within the gena is ramovml using ristrfotlon 
endoftucleaaf . Ille vectw/ganes now a gap, is thers danatyrad and hy- 

m t^ridltad to a vactor/igane whic^, Instaad of coritahiing a gap, haa Ijs^n cleaved wUh 
anot^af fa^c^on andpnaclaase at a afte outsfde iha ar^ea Involved In the gap. A 
aingla-itandad regfers of tia g^na i$ thm av^iable for h^r|di?ai3on witi motated 
ollgonudlaotldaa, th^ ramainlnQ gap fified in by fee l^aftOw ^agn^nt of DNA 
polyma-asa I ti® lhaatlons am flga^ wllh T4 DNA fi^se, aid, atar one c^daof 

30 rapiication, a doisbie-atranded plasmsd beaiing tila desired r^otatlbn Is producad. 
The yorinaga matliod obviates fee additional Riaipulation of eonstrueling new 
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restfiction sit^s, and, Ihsfefom, fa&litatss the gssfnemtion of mutations at muf^f^ 
sites. US Patenl: Mo, 4,760,025, by ImuM July 26, .19S8, Is able to 

tntroduce oligonucteotides bearing multlpte mutations tsy partormsng minor alterations 
of the cassette, however, an even greater variety of mutations can be introduced at 
§ any om time by the Morinaga method, fotcause a muliitMde of oUgoRudeG^es, of 
various fengths, om be Introduced 

According to the inventiidin, is mutated aut^piein s^na jSroduced by 
methods cfeschbeS above, by ti0 mfthocl (^^brii>ad in Bcarnpla l;or any altesialive 

to methods known In the art, can be esprsssed, In tnxyme form, ysing an expression 
vedor. An expression vector generaity falls ur^der the definition of a cloning vector; 
since an expression VBCtor usuaily indudes tf^e components of a typical clonirsg 
vector, namely, an otemant that permits autonomous rspfcailon of the vector In a 
mloroorQanlsft) Independent of the gonome of t*ie microorganisrr^, and one or more 

ts pbenotypio markers for selection purposes. An ^ression vector inoludes control 
seqoenoes enc«><irig a promoter, operator, rsbc^ome blndlrig site, translation Iniiti- 
alson slgnai, and, optk?na!ijf, a reprassor geria or various ac^vator genas. 

To permit tt^ sesr e^on of ti^ expfa^ad protein, nucleotides ariooding 
a "signa! saquenca'' rsfiay be inserted |2^k)f to coding saquance of the gahe. For 

S5S aicpr^fon unefer tta diwtloh of control sequen*^, a target ganei to ba traated 
adoordihg to the in\^r?i|on Is sperebly linked to tie control saqyenqes In tbe proper 
raadlrig t^e. Prorrioter ^quencsa tiet c^^ be irlc©fporaied Ihto plasfrjld vecfors, 
and which can suppoftitis transaiptlon of the mutant asjbtlllain gen®, Include but are 
not limited to the prokaryotto S4actamase promoter IWia-Kamamff, at a/. (1978): 

ss Proc, Natl, Acad, Sol, U<S.A,; 78 3727-3731] and th® tac promoter |OeSoer, er al, 
(1983): Proo. Mati. Acad, Soi. U.S,A,; 8021»26], Further references oan also be found 
in "Useful proteins from mcomplnant bactaf^a** ln Sclenpo Ameheari (19S0); 24274- 
94. 

Aooordif^g^ one emisodimantf B. miMBs la transfofmad by an expra^-^ 
§0 alon vador carrying tbe mutated UNA. If a)q3fe^iDo Is to lake plaoa In i secrefiri^ 
mlorbOfganistTs au£^ as B. mk0km^mlB^mrm may foliowtfta freoslatlon Inia- 
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l^on signaled precede ths DHA B^mnm of temst. The signal sequence acts to 
imnsportthe ©sqsirsssion produsl to tie csll wall vi^©r@ it is cteavsd from the produot 
upon secfBfcn, Ihe term ^bonfetsl ggqoen^s" ^ defined afaov^ Is Intended to 
incslude a sfgriaf sacjuenc^ vs^sn It Is preserit 
§ The microdrgahisrris abts to produce! a staMlzesd mw^fm of tbis 

Iwentlpn can m ajSlyated by coriv^nlkHial fermentate m^hpds Sm a ncjlri^t 
liiedium ^Sssntairilng essl^^ arid nltrcsg^n tc^sthtf wItt otii^r fessentfal 

nutnertts, tlis! rtisdlMrn being eompoi^d in epoorciance v«8i the prinsiples of tha 
known art. 

Thfe Invention also relates to DNA nudeotlde sequences encoding a 
^blllzgd protest of tss irwantien, myi to an sKpresslon vector containing a DHh 
niicMde seeiusnee enoadfng a stablted pmteaaa 

Tte stylized protease may esipre^ad and product when DI^A 
16 nudeotMe saquence enoDding prot^se Is insertssd Into a sulj^bis: ^«pBsslon 
vector In a siiitabia Host or garfem. Hie ivM di^anlsjn ^ not rtecessarlly Iden^oaf to 
organlern torn iftitilph tte pamrti g«ne originated constuoSbn of tie muta- 
ted genas, vadtoriS and muj^rit and trensjforrne<j mlc^oorgaiifems may ba c^led out 
by any j^proprfate moomblnant ONA teoiiniquas known In the art, 
as The invention also relates to I'ksst Organisms containing an expression 

vscSor cari)fin9 a DMA nucleotide eequenoe epsoding a stabilized protease, 

D®tergeigt.GompQsaions 

The praaant Invar^on aisp ccsnprli^s tie t^ tm ei^iEed prote- 
ases of the Invention ^ efaaf^ngi arsd iMergBtt (xsmpo^ltfom and such composition 
^ oonipff^ng tie stabilized pmteases. 

Sueh odmppsrtbns compr^e any one or mora of tha proteases of the 
inyentlbn alone or In spmbinatipn wth any of tie usual oomponents Induded In such 
compositions wfilcli are #ell4sr^vm to the parsdri spied irt the art, 

Sooh comj^nsnt^ cpmpffee builders, sueh as phosphate or leolte 
30 builders, syrtaetanis, such as anionic, c^onlo, non-lofife or Ewttsriortie type suftac- 
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tants, polymers, such as acrylic or equivalent polymers, foteaoh systome, such as 
perborate- or amlno-contalnsng bleach precursors or activators, stfycturants, such 
as slllcats struc^urants, alkali or mi0 to sdjyst pH, humsctanfe, and/or neutral 
inorganic sate. 

s Jfm 4BWgmi QmnposBom of ttis Invention isan fee formulated in any 

coriVanfent form such w powiw^, liquids, Me, 

Tl^ snzynws sari fc>s u^f d fei W0!i-kndwn standard imounis In detarr 
gent cornpositlpns. The amounts rriay rar^a wry wld®^, a,g, about 0vCKK)2^0,01, a.i. 
gfeout p<OOS-O.OS, Artson ufits per gram of Hia datangajil opmposl^dri- Expreis^d jfi 
10 al^rns^v^ Mi^^. fSi^ P?'<s*^^ In tie eorrtpissit^sns in^^a^ 

ordsr of from about OJ to iCNS ©U/mg (e.g. i-$0, aspeaally GU/mg) of tNe 
detergent formulation, or any amour^t In a wide range canienng at about Q.OI -4, e.g. 
QA'OA KMFU per g of detergent fofinylatbn. 

The KMFU has been defined previously, A GU is a (Slyclne Unit, defined 
5s as the proteolytic enzyme activity which, under standard conditions, during a 
IS^rMiutss' Inoabatlon at 40 deg C, with N-acetyl casein aa aulastrate, produces an 
amount of NHS-^oup ©cjutvatent to 1 miaomote of glycine. 

It may for exampfe sul^bfe to ose tha present enzymas ^ the rate 
of about 0>^ ttig of arszyma protaln par iitrt of wash liquor, oHmapondlng ^ an 
36 am;yrne adElwty of tha order of 0,06 KNPU par Ijtra, Corrasponding datergant 
formul^ons c^n opntah the er^mi^ in for ejEsmpia an amount of tSia drdar of 
0,1-0,4 KHPy/g. 

Ifm 0m^^mt o^mpPsfens may also oontain ft^rthar ©nEymaa, 
For axi^pla, lipase can usefully be added In the form of a granular 
25 aomps$it!on (alternatively a solution or a slurry) of lipolytic enzyme with carrier 
matenal (e,g, as In EP Patent Pubiicatian No. 258,088 (Movo Nordlsk A/S) and the 
Upolase'^ arid other enzyme c^mpostiorB of Novo Nordlsk A/S). 

"The addad amount of gpasa can ba chosen witiln wid® toits, for 
eKarnpla SO id ^,000 LU/'g par gram of the soff actant system or of tha ctetBrgant 
60 cofhpoaprt, a.g, otan at la^t 1(K) ly/g, vary usaful^ at laaat SOO^^^L^^ 
pratirably abbva imxi, above 2800 LU/g or abova' LO/g or mora, tisis v<ary 
dft^h Within the range of §0-4C^ W}% and posalfely within to range of 200-1 OOO 
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IXI/g, In this f p^eiq^on, Jipass units dsifisd as th®y ars In EP Patent Pyblic- 

In pafiojlar, the llp^es d^cnbed In for exast^ipfe Sie fialidwg patent gpedfioatlsfis; 
§ EF l^alent Pubgcadons fJos. 214,761 {Novo Nordfek A/S), 5Si,i)6S^ anei ^psdaSy 
llps^ss shdwfns Immunological csrossreadivity with anSsera r#sad agialnst lipiis^ 
from Therniomyces ianugfnosus AT&O S^JQ^ W Patent Publications Nos. 
and 206(390, and espsdatfy lipases showing jmmuoologlcsl drc3sa»reaoty%* Wftfi 
anlis^ra raised against lipase from Chromobacter visco^um var llpolyticum NBRL 

m B-3673, or against Ispase from Alcaligenes PL'079, ATCC 81371 and FERM-F 37SS, 
also the lipasea described in specifications WO 87/00859 (GIst-Srocades) and EP 
Fatant Publioal^n No. :g04,284 (Sapporo Brewerlaa). Sutabla, in partioulan are for 
example folldiwng cprnmerdally avaliable lipase prei:^{^tes: Upolasa Movo 
Nprdlak A/S, /^mano lipases OH* P> B, fP^M^. mi, m6 CES, and M©Mo lipases 

is My»SG, OF, $,m PL, also Estfemse MM, lipossym, SP225, SP2S5, Salksft lipass, 
Eniaop jifsase, Tayd JPzo lipaas Diasynti llis^a (Tras^ j^arks), 

/toiylas© mri fof ascanipie be Ussaci Wm cfeslrad, si an amourt m ttia 
ranga of abcst*; 1 to about 11^ MU ((tiaSose Unite) par W^tn of detarg^nt ^^am- 
poSion for 0,01 4«1 ,4, ag. a07-0J, KNU/g {Novo ursNs)), Caliulasa fer sJKampia 

80 be ysad when desired, in an arnoum in the ranga ot about Q.3 to about 35 GEVIJ 
units par gram of the detergent composition. 

Among the usual detergent Ingredients vs^ich may be present In usuai 
irnoyrtts la tm detergent oomposltlona of invention are the following; Tlie 
pppppsfe'sna may foe ibullt or unbulit, and may be of the zem-P typa |i.e< not 

gs i^rnalning arsy phosphorus ooritalnlns Ijyildf rs);llius, tie corrsposltldri 

the agigreg^ for a|jampla fi-oirs 1>50%, at laast about 6% and often yp to 
abput 3S4Q% by weight of onsi or mora organip and/of lubr^nsc bulNiers, T^iplcal 
axart^plaa of bulidars: Incii^ tipsa alr^ad maniqnad above, and more broadly 
Include alfeallrria^lO!#5o^pyfo,andMpo!^^ maial car^ottatas, aithar 

m alone Of If! adrnfjaura wfc sHlc^e. mml cstfatss, alkali metal nitfildtrlaoatates, 
carbOKymetiyloxysucdnates, zaolitas, polyaoetatearbOKylatas;, and so on. 
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Furthermor©, Hi® detergent compositions may oontsin from 1-3S% of 
a bleaching agent or a blsach precursor or s systann compristng feiaachtng agsnt 
and/or precursor wrlti aotsvator therefor. Furtt-^er Dptlonal ingredtents are lather 
boosters, foam dtprBssors, antl-corroslon :^€!nfe, SQll-sysisending agents^, a®» 
$ qi^sterlng a^n^. aftlf-soil red^osltion agsfit§, perferrves, dyes, ^^lising agert^ 
fer tht sn^^mes, and so on. 

Xli@ edmposftipns can be; useid for UN© wasshlhg of tmWM$, 
«spedally, ^ fiWmiA llrnM^dn cotton and pdly^tiBrbi^^d t§?dltes arid mlKltims 
thereoi For example wMhifig pfcmd©^^; camad out- at temptrafeirts of about 

m eo^^S^C or Jdwtr, 0.9v abpul3O^3i^C or lov!?e^^ are ^rtleu^sriy stiitabfe. It can fe© very 
suitable to us® the coftiposl^ons at a rate sufelent to provide about e.g.. 0.4-0.8 g/l 
of surfactant in the wash liquor, altt^ough it ss of course posslbte to use lower or 
higher concentrations, If desired. Without ImMson It can for example be stated that 
a use-rate from about 1 to 10 g/i, e.g.. from about 3-6 g/i< of the detergent formula' 

IS tion is sult^l® for use in the case wban tba formyiations are subst^tially as In the 

Iri apme usafyi aftlbodimsnfa, th« detergent <5dmposf^oiis eah bB 
forrnulated aa Mows; 

palgrgent 1 : 

m A detwgant pomi$0r ascsisrding tq m ertilxsdimant of the Invanilon 

contaWg zmlltB bujlder 1$ formulited ta Dsntasn; 

Tbtal active detergent of about 16%, anionic detergent of about 9%, 

nonlonic dstergent of about 6%, zeolite-containing builder of about 20%, aoryltc or 

aquivalent poiymar of about 3,S%, perborate bteach precursor of about 6-18%, 
g» arnino>containfng bleacn activator of about silicate or other structurant of about 

S,S%, altematlvafy down to about 2.5%, enzyme of about 8 (alternately ol about 1S| 

glyoine unlts/rr^ grade, ws^ alkali to adjust to deslfad pH Ir^ us^, arid naytra! Inpr- 

ganio salt, and angpias (aboift 03% ems^fm), 

Tha ahfohls datergent Is a smil^m of SbdIUm dddecyl-banzane aol- 
m phspfi^a, altsmativaly iodlum llne^ alkyl-ber^eiiaisylphpnate, 6% aid pffmaiy aite^l 

sulphate of 8%. The nonlonic datargerit Is an ethoxylate of an approx. G1S-G16 
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primary aleoiiol mth 7 ^0)Qflat0 residut© per mofe- The zaolits builder t^pe A 
zaoEe, His pblym^r polyasryilc addHie petoate bfeadi presursOF Is sodiym 

The stryelufsm Is sodium ^s^^^^ Th© mufa! imji^anlo is sodiym sulpNs^, 

Ar? aqueous dstffg&rtt liquid aooor^lng to an emisodintert of th# 
InvBntipn is formulated to a>rtalfi: 

Dodecylbgnzene-sulphonsc add df 16%, 012-C1S ilna^r afeshol 
condensed wHh 7 mo^mol athylene oxld^ of 7%, mamBthaml^mm of 2%, ctric 
to acid of 6,5%, sodsum Kytenesulphonate of 854, sodium hydroxsd^ of about 4.1%, 
protaas© of 0.6%, minors and w^er to 1 00%. 11^8 pH Is sdjusled to a value bsftwstn 
9 and 10, 

In ptilaf usep embodiments, the detergent 
tis'mulated as a.g^ In fritariiallonsl Patant Puyications Nos, WO $yt^M4, WQ 
IS SI/00^5, and Infe^rnatlona! Patarit Applfealfdn r^o. PCT/DI<01/^3^. 

Tlie In^nllDfj ss fOrtlNsr lilystrated In tha Mowing ©Kampies, which are 
not fnti^n«^0d to In at^ 1^^^ to the scope of tha Invention m ola&Tied. 

E»yPL£ 1 

Preparation Example 

In Sie lDliQwing Exar«pl®, showing a presently preferred mMhod for 
constuoing and axpresslng genes to coda for wiid-i^pe arid variant protaasa 
ans^e? in aoojitiarsee wISi ambodiments of tha present invention, tiie follo^f^lng 
matarlais ire referred to: 

mtmB 300 and 147 are variants of Saofc /e/ite, deposltad w^^^ 
the and aoeorded me acoa$siori numbers NCfB 10147 and NC2I8 iO^S, and 
deeolbed In US Pateit No, 3*7^^^ ^corpor^ed by reSsranc^ iiafaln, 
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£ CO// MO lOCX) (MJ. Cas^dab&n and SM Coh&n (1SS0); J, Mol Biol,; 
138 179-207), was mad® r-,m+ b^' convantsonal oiethGds and Is also desaribed \n 
US Patent Application Serial Ho, OSi,SiS, 

A vsctc5r suited to a synthetic gene ooding for subtilisin 309 and its 
s mu^its was :Cssnstruct©d. t #sgantia8y a pUCl0 plasmid [C. Yanmh-Pmon and 
J, Mmslng iWWB); Qi^m; M 1t^1iB% in whidi the myliple donjng sita b^n 
replaced by a llrskar containing ths res^s^lon sites usad to separate tlia five ayb- 
Iragmenia sonsiitu^ng the ^ena. lite new linker Jmartad Inlo Ea:>l?l - Nln^SlI^ 
pUCl8 thereby destroying tiiese sites. 

10 p)Kpnl PstI gooRf HirKl3 Cial SphI Bam (H3) 

5' - AATTGaTAGCCTSGAaaAATTCA^aCTTATCaATaaCATGeaaATCO - 3* 

3' ~ CGATeQmCQTOCTTAAOTTGGAATAQCTACCaiACQCGTAGa ~ 5' 

A synthetic gene coding for the maturs part of subtillsin 309 was 
sonstupted as shown by the following d^aiption and the diagrams given in Figure 

IS 1 (sheets 1/7 to 7/?) of the accomjpwyiriig dras^nga. Tha atruc^ura of tiie syntt^a^c 
IS si^marleecl In sliee^ 1/7 to 4/7, vs^lch also: indicate tagmen^ used In the 
construotion. Each subfrapnant was mada Irom 6 to i2 ollgonuolaotidaa, Tha 
oUgomieiaoiidea were synSiealaad on an aulomatic DNA aynthasteer using phos- 
phpi^niicilta dh^lai^ dn a dontrc^lad gl^s support |SX, Besi/cagre anef M/f, C2ar- 
mthm (1981); Tfif^hedron Letters; 2g t^-1S60|> Dots In tsa 5'^end of the oigd- 
nuol^tsdas in tha Figures ara meant to Indloste tiat tliasa ollgdnucjaoHdas iiava 
been phosphorylatad. Duplexes (indicated In sheets 1/7- to 4/7) were formad torn 
correspDnding pairs of oii^onucteotides by heating for 5 min at 90 dag C followed 
by eoofeg to room tampemft^re over a |3®rlod of 7S mIn. Tha ik^p^m ware mixad 

25 and treated with 14 DMA ilgase. 

The five aubf ragments wara Isolatad on a 2% agaroaa gel and inserted 
into pSXISI, Jh^ sequ^ce was vsriSad by dsdecsxynycleQilde isec|uandng. Frag- 
ments A~E wera ieolatad and iigatad isgetiier with Kpnl-SamHI out pSXIil. Itm 
llgaSon mixlyms ware uaed to transform competeftt E coii yciCXJO r-,mHh seiaptlng 

30 lor aniplciin raalitanoe. The bp i<pnl«8amHi tagmgnt that consHlute® tie pan 
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of the subtiifein 309 gens, coding tsr the mature part of the enzyme was ihm used 
to fBptes tlie wld ^e gm^ on p^CStg jgiying rise to |>SX222, whtoh v¥as thers 
Ir^rt^^miecl IntD oomp^tant 8 subtlib SHsg73. AfterfermefifatJors of ^0 transftsrmed 
sifaftl and punicarfofi of th@ enrpr^elt was ishown tsat ti« pfodua Indlstiogussfe- 
5 abfe from ih^ mM typa prtxiupt. 

Pfpt^sigs tisan^ts claHvad from the si^ljhetjo^ maslo by using 
ollgorujcfeaty^ wife altered sequanc© at tine placa^s) wh^^ mulsian Is wanted 
(ag. with seqt^nces as glvsn beiow| and mixing tiisrn with ttm rest Ibe sligo- 
nucteotidss appropriate to the synthetic gene> AssenibSy of tine variant gane Is 

10 carried out wfth the variant materials m a mv^nrmr otherwise analogous to ti-M 
described above. Further Information on ^ntt^etio genas ganeraily is gtvaltsibie In 
AgB^Bimal (1970); Nature; 22:r 2:7~34> 

A \<pn\ sie was Introduced into ths beginr\ing of the aybtllisin 309 
^nthafegsifis encoding tie mature part of tie anEymSi The method used is cafiad 

IS olfgonud^tida dlrscaad doublans^nd bmak rsspaif mytagsrtaals and 1$ desoribed 
by Wiod&k Mmd&sh' (i^S); Proo, flat Acad, Scl. USA: 83 Tt77-7i8t pBXl?2 rs 
Ppffiad wfHi NPDl at the beginning collie mature gana and 

Is mixad \^ tha c^igpniided^^^^ (s^uance shovm Iri Fig, 1 {7/7)), ^gsatad 

to too deg C, cooled to § deg C, and fe:am^mted Into E coll. Mer rmmnM- 

as rnMlon, tlis recomfelnants cal fea acraened by coioa^ %bridlsatlon uslng^S^^ 
belied HOB 789, The recombinants that Mnad ©littb be poslgve during tie scr^an- 
fng iiad the Kpnl sit® Introducsd right in fi-ont of Ncol by changing two bases without 
changing the amino add sequence. pSXl72 is described in EP Patent Publscatson 
Mo. 405,901. The Kpnl site so created is inserted Into pSX12D on a 400'bp Pvul - 

ss Ntel fragmant, giying rise to pSX212. pSX120 is also d ifiEP Palant Pybiioa- 

ton Ms. 4GSv0D1. 

Tfie ^fithatlc gens is inserfed b^twean Hpr^ and BamHI ori pSX2l2, 
0mg f^B to pSX!S2a, 

Bcampies of miJlafcns and coiraspondlng sequences of piigonu- 
so cleoides isre i$ fellows; 
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A184P (Ifapmsnt DS) 
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.ffiP (fragmant 81) 
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71h0se diigonuclgdlides were combln^cl yi«th the mst of tiie iaHgonu- 
dieoticies from the ^ynth^^^^ gene itiat was not chaiig«d. 

Purification Exampje 

This procedure relates to purification of a 10 litre scale fermentation of 
the Sui3til!sin 1 47 enzyme, the Subtllisin 309 en^'m® or mutants thsreot 

Approxir^ately 8 8tras of fefrnantation broth were cantdfug^d at 5000 
so rpm for 3S mlnutas In 1 litre beakers. The supamatants wara adfusled to pH 6:.5 
ysing 18% acetic acid and tiitarad on Sefe Supm S100 iter piates, 

Th© fjitat®s wgre ©Qhcferitrated to apprqisEiniiaEte^ 4p ml umg m 
Amibori CH:SA Uf unsi equipp^ m Mioori ilF oarfeidge. The UF 

cpncentets wa^ oBntnfeiged andlftered prbr to absofptisn M room tem^ 
^ a B^eitradn afflrtlty column at pH 7. tha protaasa was aiuted from th© Baeitracir? 
column at rcKsrrii tarnperature using 20% a-prop^npl arid 1 1^ sodium ehloridsf irt a 
buffer solijon with 0.01 dimethylglutaflc acid, 0,1 y l?one add and 0,C^ M caiclum 
diioilde adjusted to pH ?. 

Tl^a fractions with protease aclM^'' from the Bacitracin purf soation atep 
S3 were combted aid applied to a 7§0 ml Sapliadex G2S columr) |S cm dla.) aquii- 
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Ifm frmMom #th prmease acOv^ torn the Bacitracin purificaSon step 
vmm eomblrwci anci applf^ to a 7S0 mi BBplnd^m G2S wUmn cm dsa*) eqyi- 
bratf d mfe a buffer sontalnlng 0.01 dims^lglMtaric acid* 0.2 y borlD ae^ snd 0,PO2 
m calcium ishlor ide adli^sted Id pH 

combined and applfsd to a ISO nil Cy :^phardse 01 68 cato ^Kshang® column 
(S cm d!s,) equibmted w?^ a buffer oontalriing 0.01 M dimetliylglutarfc acid, 0.2 M 
boiiQ acid, and 0.002 U calcium (^ioiide ad|yst#d pH B3, 

Hie protease was eiuted using a linear gradient of 0-0-1 M sodium 
10 dhionde in 2 litres of the same butar {0 -0,2 M sodium chloride In case of sub 147). 

In a inal purification step protease containing fractions tern the 
SSiph^ose csolprnn ware: combined concentrated In an Amicon uitraflltrattpn cell 
Equipped with a 0B81FP rtismbrane {^om the Danish Sugar Fao^riss fc). 



<s Djfersjitfal S sanhind Dajorfmetry 

Hie purified pfiMBs^ wii^is w^re subfi^ed to themial afialysis by 
Dlffiereriiiai Soannlng Dalomrietry (DSC)< 

Tiie instrument was a Sstaram micro PSC apparalxis conr^fected to 
HP8S oomputsr for data coiiection and analysis. Setaram software was used, 
gsf The enzyme was diluted to a concentrallan of preferai^iy a mg/m! In a 

liquid biillt detergent (pH B.S) of the foitowlng oomposition; 



Coconut f^t^ aefd S % 

OSefe icid CCsl 1 % 

Trlatiai^larnin ipKA 7,0) B % 
Slyoerdi 

Ethanol 1-5% 



CaCI; 2HgQ OJ % 

MaOH 1 % 

Water 3 



s ') Alcohol tiihoxylal^ 

^ Unsar all<yfl3ssnsE0n8 sulpiiooat© 
tha heating rate was from to M*G. 

Ite stalsizalksn of Subfelsln ^CSS var^nls relative to 
me^reci fe^ lEhls metsod Is pr sssnted ir^ above. 

Steaoe Stabitv 

Th© storage stabiiity of the enzymes of the invantion was determined 
and compared to the storage stability of subti&ln 308 (wlld'type). This stafcuity test 
pBrfprmsd as a Um Storags Test, In each tubs 100 of aampla were used, 

Jh$ enzyme dosages ymm 0,25 ©ii^me/g detsr^ent A liquid 
detergent eomposiilon was usaci fe; this test, vycfe Decsrgant ti mpm. 

The w«rs Incuiaated at 3Si^C for $, ?^ 14* and 21 days* respec^ 
Hveiy, and tia msldual ac^Mty datgrmined. 

itw residual: ac^vjtyd#amiir^ mathpd was bis^d on theiiigestlon 
^ of a dimathyi pasesn {OMQ} sdlMtibh by tbs prbtepiyllp sfizy^^ amino 
groups forrtied 81 this prdesess iBactMlitllnltrob^^^ aold (TNBS) form- 

ing a coloured complax. The reaction is foiowad In situ In order that the chang© Ir^ 
absorbanpig par tims unit ean ba calculated. 

Since the detergent might asntain compounds with primary amino 
as groups. It is necassary to axamlr^ this and make &or?BCtlon of #^8 detergent affect. 
Correction Is made by measuring the birsd v^ue of the pure detergent aabt^aot- 
ing tt^s valu0 from tm value msastrad as d^soilbed above. 

the aoS\% is determined relative to a sample whloh Immediately #ter 
preparation Is pomn and kept at a tarnperatyre -10*0 tin! analysiSi Ttie aelivity 
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of thfe 0atiple is set to imP/«, Th0 aoSvlty of the sorr^sporfng samptes tei Ihs 
stpmge testis di^eirnined reiativ® to th® 100% sartlple, 
The maolfan TOHidsSofB we^et 



Wavelength; 4^ nm 

Reaction time; B mla 

yeaauring tsme; 3 mm. 

Apparatus: <COBAS> FARA II centriugal ^r)a- 

Iper torn Boche. 



M\ asstivl^e^ warn determ&iad in duplicate. 

A foldsi', AF 28S/1 (or Isitgr^lUons), d^oribing ii?s analytical method 
!s avigabfe u^on r^qua^ to isidyo Nbrdlsk A/Si Par^nark, vs^feh folder is hamfay 
Inc5ludsd isy rsferBrics. 
IS tha resyfi: df- s^mg® slabg% test m shown in Fig. 2> in gm&m% 

lhermostabl% as cSeterm&ied fey DSC #d stGfag^ stability correlsit® wsl 

Wash Performance 

Ths wash perforrnance tests wera aocamplfefied or) grass sotted 
go cotton In a modal wash at 2Cf isothermlcalfy for 10 mlnutas, 

:As detergent § 0(1 of a powder detergent was used, vM& DmBrg&nt k 
mpm. pH adjusted by addrSoii of NaOH/liGI to 10.2. The walar used was 
approsidmstely' S^'dH (8eitnail Hardri^s) for the ti^s preeersted Irt Table For the 
tests presefited In t^ls ^dH water was tissd. ilie textW^ fiquor ratio was 
gs 6 g tsxHte ^ex te of wash Bquor. 

T®s1^ were perfoffT^ct at en^pii© cdnc^itfaUons of: Q, 0,02S, 0i05, 0.1 < 
0-5, 1-0, and mg anzyma protaln/f. Two Indepeindinl sa^ of tests w^e per- 
formed for each of fea er^gymes. The results shown In Tables S-6 ar@ m€ws s^thesf 
teste. 
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Subsequent to washing, the fab ric was rimed In runrisng tap water and 
afr-drltd. The protease psrformanca was determined by the oNange (AR) of tie 
femissioii at 460 nm measured on a ©ataootor Elrephometsr 200©, being 
the famsssion atm wMi with prxjtease adc^d mthus tie r#ml3§lon sftsff wash with 
s no protease acklsd 

mmB from ti8 wash psrformance «$ are pms#ftted in Tabte S~i. 
it Is found that ali ttie variant, except Subtiiyn MB/Bi^M^, pmlurm at least aqua! 
lo ^utjtisln MB {vi«!d«^pe). 
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1. A atabilfe^ |prot0S&«, Irs which a naturally oecurrsng amino add 
r^skiye {Qpm than proline) has been subsHtuted w^h a prdlifse residue cpe or 
mor® posltlori^ at #hfqh pc^tlon^s) the dihedral sngSes ^ (phi) and f (pm) mnMvm 

5 vaiu#s within the Intervals ^{^^ and -t^'^<f <1S0"J, psffralsly wtthln th« 

InteiFvals |'^0*<#<-'40'' and 120*^<f <18CP'| ©r |-8<3f^<i^o4S^ and ''SO*'<f < «ci 
wiitGh posf^on(^| |s/ar® not iocs^ed In mgioris, wNSch tiie protease Is diaraotedaed 
by poissessjjig ce^Ugflical Qr /S-shaat s^uctum. 

2, The proteas© of dalm 1, being a stabized subtglsin, 

1Q 3- The subtlfisin of ciaim 2, In whl#} the atabllized sutstillsin obtained Is 

any subtsllslrt which comprises a substitutlort Into a proline residue at on© or rnore 
of ths posi^ons iisled in Tables 1 an^ 2 (BPH' mmbmB), or positions analqgsus 
hereto. 

4, The subi^tlsln of cislm 3, In which a oafeuiraliy oocuriing amino add 
us (pthar #!an prdifm) has been subslstutsd wittt a prollna rasldua at one or more of 
the poslttpns; 38, 57,M, 172, 188, 104, 2.42, mdWB PPN' numbsrs), 

0, Jh& subtillssn of cialm 4, further comprlshig ona or more of the 
followsng sybstltuSons: 27R, 360, 76D, 87N, 9SB, 104Y, 12DD, 128G, 1@SE, 2080, 
21SS, 2SSL, 23Se, 237f?, ^1E, and (Bf^N' nambers). 

^ S, The subtlsin of titier of oiaims 4-S, being i^stabissad siibtjii^n 300, 

a stsbizsd sub^llsln 14?, a stabplx^d subtlHsin BPW, or a s^blted sisbillsih Carls- 
berg, 

J< Sub^ilsln 3C@, In which one or more of tlia Ibllov^ng substitutions 
have bew Introduosd; TSSP, SS7P, ASSF, A172R, Si SSF, Ai 04P, and $2S9P 
«5 (iPN* nymbars). 
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a &ibtis!n MM QldMm T. furtier comprising me m mom of th& 
Itoiiowfng subslltutlofis: min, *38P, mm. mm, AW V104Y. N1200, si2aa 
aiaSE, Qg06C, N218S, i^SUK235B, KSSm K251E. ar»d ¥263F (BPM'rsumbaf^). 

9. Subtislri N i/vhicJi or^ or mors of the 1<:j!l0\wng substtutions 
s have bean immclMced: iBSP, SS7F, mBP, Aim AiPP. mi S2» |8Ff^' 

10, Subtisin 309 of claim 0, further eompfisffig one or more of tli® 
folfowilng substitutions: KZm, *360, M7gD, G97N, A98R, V104Y, Hi SOD. S128G, 
ai05E, Q206C, M21SS, K235U K^3Sl^, KSSI and YS63F |8PM^ numbers). 

IS (BFf4' numbgm), 

1 4, Subilsln 3CB/*3SD4>N76D-fH1 20D Ml 94p4~a 

1?. SubtilisiR 309/*a6P-fS3?N4-H120D4A194P-4»G19 (BPN' mm- 



1 S.SubtiMin 3«)9?/*360*Qr/i^+H1 200+^ 

numbers). 

If, Subiisin 30^/*^D+V1p4¥i'H1OT+A1 W4-<S196E (BPN* num-- 

S1. Subiisin 30S/*:^D-f H120D-4-A194P-f-6195E (8PM~ numi38ra|. 
22. SyWsIn 3CS/*3gp4-Ht20D-t Aia4P-l'Qia5E-i-K23Sl (BPN' num» 

« Subtisin 309M194P (BPN' numb^m);. 

24 A nue^j^ti# seqasno© Sf^osdlng a stablfeecf pmtease of any of 

gS, An ^priession \^or (Xfmprlslng a nuctee^de ssquence ericoding 
a s^blO^i^ protease accQrding to any of elaims 1«23, 

t8 28. A host organism containing an expression vector carrying a 

fiuafeoids sequence ancodir^ a slabfed proliase of any- of dslms 1<-23, 
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